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Abstract

Background: Autologous fat grafting is increasingly used in daily clinical practice across
various surgical fields, including the treatment of chronic wounds, scars, burns, and non-
healing perianal fistulas. Recently, some studies have shown that non-enteric cutaneous
fistulas can also benefit from adipose tissue injections, but the efficacy remains unclear.
This study aims to systematically review the literature on fat grafting in the context of non-
enteric cutaneous fistulas and to assess treatment outcomes. Methods: A comprehensive
search of the PubMed/Medline database was conducted following Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines up to January 2024 without
restrictions on the time period or the language of publication. Results: Seven studies
meeting the inclusion criteria were analyzed, encompassing 13 patients with non-healing
cutaneous fistulas treated with injections of autologous fat. The mean age of the patients
was 58 ± 3 years, of which 85% had comorbidities. Fat grafting resulted in complete healing
in 92% of the cases, with a mean fistula persistence of 158 days before treatment. Treatment
protocols varied among patients, including preparation of the fistulous tract, fat processing
techniques, and suturing of the fistulous orifice. Conclusions: The results highlight the
potential of autologous fat grafting in promoting tissue regeneration and healing of non-
enteric cutaneous fistulas. Standardized protocols are essential to confirm and optimize
treatment efficacy and, eventually, improve patient outcomes. Further research with a
larger sample size and standardization is needed to confirm fat graft efficacy.

Keywords: adipose tissue; autologous fat grafting; cutaneous fistula; regenerative medicine;
stem cells

1. Introduction
Autologous fat grafting, also known as autologous fat transplantation or lipofilling,

was first described by Neuber in 1893 [1]. This procedure involves harvesting of the
patient’s adipose tissue from the subcutaneous tissue layers, most often of the abdomen
or thighs, using liposuction techniques, followed by its reinjection into target sites. This
adipose tissue is composed of mature adipocytes, extracellular matrix components, as well
as adipose-derived stem cells (ASCs) and microvascular fragments (MVFs) that contribute
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to its strong regenerative capacity [2–5]. ASCs can differentiate into various cell types and
secrete cytokines, growth factors, and extracellular vesicles that exert anti-inflammatory,
antifibrotic, angiogenic, and tissue remodeling effects [6–8]. Moreover, MVFs within fat
grafts facilitate the establishment of new blood-perfused functional microvascular networks,
essential for tissue survival and integration [9].

In recent years, several approaches have been proposed to further enhance the ben-
eficial effects of autologous fat grafting. Specifically, adipose tissue can be processed
enzymatically or mechanically [10]. Enzymatic processing involves the destruction of
the dense extracellular matrix bonds within adipose tissue and centrifugation obtaining
a stromal cell concentrate known as stromal vascular fraction (SVF), which contains a
high concentration of ASCs [11]. However, this method is expensive, time-consuming,
and subject to regulatory restrictions such as good manufacturing practice (cGMP) and
good laboratory practice (cGLP) requirements [12]. In contrast, mechanical processing
is not a GMP method, and it is becoming increasingly popular. Since the first definition
of nanofat by Tonnard et al. [13], several mechanical processing techniques have been
described in the literature [10]. These aim to produce autologous fat derivatives, such
as nanofat, characterized by a high content of extracellular matrix, growth factors, ASCs,
and MVFs. This advancement serves to enhance the biological properties of lipoaspirate,
resulting in improved therapeutic outcomes. Moreover, the beneficial effects of autologous
fat grafting can be further enhanced by the enrichment of the adipose tissue or the recipient
site with stem cells, MVFs, or biologically active gels. Finally, preconditioning of either the
transplanted adipose tissue or the host tissue at the recipient site as well as a combination
of both with different stimuli, such as local heat or dietary restriction, has been shown to
improve the outcome of autologous fat grafting.

Nowadays, autologous fat grafting finds widespread use in daily clinical practice
across surgical specialties. Common applications include aesthetic procedures, aiming at
soft tissue augmentation and body contouring or tissue rejuvenation. Furthermore, autol-
ogous fat grafting is often used to treat congenital deformities, as well as post-traumatic
or post-surgical organ reconstruction, for example, in the breast [14–22]. Additionally, the
regenerative potential of adipose tissue, attributed to its cellular components and secretory
profile, has been used in wound healing to facilitate the repair of chronic or non-healing
wounds, adherent or retracted scars, and burns [23–25]. Moreover, it has been demonstrated
that the direct injection of autologous fat or isolated ASCs can result in the restoration of
Crohn’s perianal non-healing fistulas [26]. Similarly, chronic and non-healing cutaneous
fistulas could also benefit from treatment with the local administration of autologous fat.
They are a consequence of dehiscence of surgical or traumatic wounds that fail to heal
but rather progressively undergo intrafistulous fibrosis that hinders healing. Nevertheless,
the efficacy of local administration of autologous fat graft to treat non-enteric cutaneous
non-healing fistulas remains unclear. Therefore, the aim of this study was to systemati-
cally review the current literature on the use of autologous fat grafting in the context of
non-enteric cutaneous fistulas.

2. Materials and Methods
A comprehensive review of the entire PubMed/Medline database on the use of in-

jections of autologous fat graft for the treatment of cutaneous fistulas was performed
by two authors independently (F.B. and E.L.) in accordance with the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (http:
//www.prisma-statement.org, accessed on 16 April 2024). Articles were initially selected
by applying the following search algorithm: ((skin fistula) OR (cutaneous fistula) OR (der-
mal fistula) OR (epidermal fistula) OR (mucocutaneous fistula) OR (orocutaneous fistula)

http://www.prisma-statement.org
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OR (ureterocutaneous fistula) OR (vesiculocutaneous fistula) OR (broncocutaneous fistula)
OR (tracheotomic fistula) OR (non-healing fistula) OR (tunneled cutaneous wound) OR
(tunneling cutaneous wound) OR (undermined cutaneous wound)) AND ((fat) OR (adipose
tissue) OR (adipose graft) OR (nanofat) OR (lipogems) OR (adipose-derived stem cells)
OR (adipose mesenchymal stem cells) OR (ASCs) OR (ADSCs)) NOT ((perianal fistula)
OR (enterocutaneous fistula) OR (Crohn)). All searches were undertaken up to January
2024. References of all publications were carefully screened to add additional relevant
articles not registered by the initial database search. Duplicates were removed. The au-
thors used a protocol for this systematic review, but the protocol was not registered in any
public database.

Studies were allowed to involve surgical preparation of the fistula tract before injec-
tion of autologous fat graft, as well as additional surgical techniques during fat grafting.
Moreover, fat derivatives generated by mechanical or enzymatic processing and the isola-
tion of ASCs from adipose tissue were considered. Studies reporting on enterocutaneous
fistulas (such as oro-antral, esophago-cutaneous, perianal), fistulas lacking any cutaneous
orifice, and fistulas treated not only with autologous fat grafting but also adipose tissue
flaps were excluded. No restrictions on the time period or language of publication were
applied. At first, studies resulting from primary research were screened for titles and
abstracts, followed by a detailed evaluation of the full text of the remaining references to
determine eligibility.

The following information for each article was recorded in a structured table: name of
the first author, year of publication, geographic origin of the publication, number of patients
included, patient’s age or mean age (if more than one patient), patient’s comorbidities, type
and location of the fistula, type of autologous fat graft or fat derivative used, fat donor site,
volume of injected adipose tissue, procedure (method of injection, method of preparation
of the fistulous tract, or additional surgical procedures), persistence of the fistula before the
procedure, and outcome.

Quality assessment of the included studies was conducted by two authors (F.B. and
E.L.) according to the NIH tool for Case Series Studies (https://www.nhlbi.nih.gov/health-
topics/study-quality-assessment-tools, accessed on 13 March 2025). In case of case reports,
the tool was adapted by excluding questions not applicable.

3. Results
The primary database search identified 1042 publications up to January 2024.

Two citations were added from external sources and following the analysis of the arti-
cles’ bibliography. All 1044 publications were assessed for eligibility based on titles, with
a total of 94 publications relevant for manuscript review. After full-text screening, seven
studies comprising a total of 13 patients with non-healing cutaneous fistulas treated with
injections of autologous fat graft met the inclusion criteria (Table 1). The PRISMA flowchart
of the study is shown in Figure 1. Details of all studies included are summarized in alpha-
betical order in Table 1. The final judgment on study quality according to the NIH tool (i.e.,
poor/fair/good quality) is presented in Table 1.

The average age of patients was 58 ± 3 years. A total of 11 patients (85%) had known
comorbidities, including obesity, diabetes, arterial hypertension, hypercholesterolemia,
arteriopathy, chronic obstructive pulmonary disease, atrial fibrillation, conditions requir-
ing long-term steroid treatment, obstructive sleep apnea, or oncological disease of the
neck treated with radiotherapy and chemotherapy. The included studies described four
pharyngo-cutaneous fistulas (31%), two tracheocutaneous fistulas (15%), two interdigital
fistulas (15%), two foot fistulas (15%) as well as a fistula on the thigh following hematoma
(8%), a lymphatic fistula at the arm after a dog bite (8%), and one fistula in the breast (8%).

https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
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These fistulas were present for an average duration of 158 days (49–243) before treatment
with autologous fat was initiated. Seven patients (54%) underwent curettage, i.e., surgical
debridement of the fistulous tract before fat grafting, while no kind of surgical preparation
was described in the remaining six patients (46%). The adipose tissue was harvested by
liposuction from the abdomen in 12 patients (92%) and from the inner thigh and hip region
in one patient (8%). Processing and injection techniques of the adipose tissue, as well
as the volume of injected tissue components and the number of injections varied across
the different studies (Table 1). In nine patients (69%), the fistulous orifice was sutured to
facilitate closure, and postoperative antibiotic therapy was prescribed in eight patients
(61%). Complete healing was observed in 12 patients (92%).

Figure 1. Flow diagram of the review of the literature.
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Table 1. Summary of all studies included.

Author,
Year, Origin

Patients
(n)

Age
(Mean)

Patient’s
Comorbidities

Type of
Fistula

Donor
Site

Type of
Fat Graft

Fat Graft
Volume

(Mean cm3)
Procedure

Persistence of the
Fistula Before Procedure

(Mean Days)
Outcome Quality

Assessment

De Monti,
2022,

Switzerland
[27]

7 64

Diabetes (n = 3),
hypertension (n = 2),
arteriopathy (n = 2),

COPD (n = 3),
AF (n = 2),

ischemic heart disease
(n = 1),

valvular heart disease
(n = 1),

asthma (n = 1),
sleep apnea syndromes

(n = 2),
thrombophilic syndrome

(n = 1).
venous thrombosis

(n = 1),
previous melanoma in

immunotherapy
treatment (n = 1),

under- or overweight
(n = 3),

recent surgery with
prolonged

immobilization (n = 1),
rheumatoid arthritis

(n = 1)

Tracheocutaneous
fistula

post-tracheostomy
(n = 1),

thigh fistula
post-hematoma

(n = 1),
arm lymphatic

fistula post-dog bite
(n = 1),

interdigital fistula
(n = 2),

foot fistula
(n = 2)

Abdomen
hips

(n = 5),
lower

abdomen
(n = 1),

right inner
thigh and
right hip
(n = 1)

MFAT
(n = 7) 23

Curettage of
the fistulous

passage,
fistular MFAT

infiltration,
closure of the

fistulous
orifices with

non-
resorbable

stitches,
peri-fistular

MFAT
infiltration

(n = 7)

165

Complete
healing
(n = 6),
persis-
tence

(n = 1)

Fair

Bazarov, 2021,
Russia [28] 1 NR Cicatricial

tracheal stenosis

Tracheocutaneous
fistula after

tracheoplasty for
cicatricial

tracheal stenosis

Abdomen Emulsified
fat graft NR

Endoscopic
fistular fat

infiltration and
perifistular

cutaneous fat
infiltration

90 Complete
healing Fair

Canales-
Medina, 2021,
Mexico [29]

1 46 NR
Pharyngocutaneous

fistula following
deep neck infection

Abdomen Fat graft 4

Endoscopic
mucosal

perifistular fat
infiltration,

cauterization
of the mucosa,
closure of the

mucosal
opening with

4/0 vycril,
closure of the

cutaneous
opening

by planes

49 Complete
healing Fair
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Table 1. Cont.

Author,
Year, Origin

Patients
(n)

Age
(Mean)

Patient’s
Comorbidities

Type of
Fistula

Donor
Site

Type of
Fat Graft

Fat Graft
Volume

(Mean cm3)
Procedure

Persistence of the
Fistula Before Procedure

(Mean Days)
Outcome Quality

Assessment

Sapundzhiev,
2019, Bulgaria

[30]
1 61 Laryngeal

carcinoma treated

Pharyngocutaneous
fistula after

chemotherapy,
radiotherapy and

total laryngectomy
with partial resection
of tongue base for a
laryngeal carcinoma

Abdomen Morcellated
fat graft 4

Mucosal fat
injection with

a Peretti
angular
injection
cannula

followed by
sutures with a
single Z-like

fast-absorbing
polyglactin

NR Complete
healing Fair

Haubner, 2016,
Germany [31] 1 54 Hypopharyngeal

carcinoma

Pharyngocutaneous
fistula after balloon

pharyngeal
dilatations for

hypopharyngeal
stenosis following

laryngectomy, neck
dissection and

radiochemotherapy
for hypopharyngeal

carcinoma

Abdomen
Mechanical
processed
fat graft

2 Perifistular fat
infiltration 180 Complete

healing Fair

Hespe, 2013,
USA [32] 1 67

Hypercholesterolemia,
obesity, diabetes,

previous prostate cancer

Pharyngocutaneous
fistula after several

surgeries and
chemoradiotherapy
for squamous cell
carcinoma of the

right paratracheal
groove with

overlying
skin involvement

Abdomen
Purified fat
graft with

Telfa rolling
14

2 perifistular
fat infiltrations

at 3 months
distance

240 Complete
healing Fair

Klinger 2011,
Italy [33] 1 55 NR

Breast fistula and
scar contraction after
breast augmentation

Lower
abdomen

Centrifugated
fat graft

(Coleman
technique)

2.5 Perifistular fat
infiltration 180 Complete

healing Fair

n: number; COPD: chronic obstructive pulmonary disease; AF: atrial fibrillation; MFAT: micro-fragmented adipose tissue; NR: not reported.
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4. Discussion
A fistula is defined as a pathological communication between two structures or cavities

of the body or between a structure and the external environment [28]. Almost all of the
regions in the body can be affected by this condition, which develops through different
pathogenetic mechanisms [34–37]. Classifications of fistulas are based on the involved
organs and tissues, their location (internal or external), and their anatomical structure
(simple or multiple). Non-enteric cutaneous fistulas are a consequence of soft-tissue dehis-
cence originating from surgical or traumatic wounds that fail to heal properly, resulting in
intra-fistulous and perilesional fibrosis [27]. Current treatment options such as curettage,
advanced dressings, or negative wound pressure therapy often yield limited efficacy to
heal the fistulas and are associated with high costs or patient discomfort.

In this context, autologous fat grafting emerges as a promising solution due to
the almost ubiquitous availability of adipose tissue resource in the body, as well as its
rather easy harvesting and applicability. Moreover, grafted fat bears the advantage of
being not only a filler for volume correction, but also a biologically active tissue with
regenerative properties.

The review of the current literature on this topic suggests possible beneficial effects of
local administration of autologous fat grafting in non-enteric cutaneous fistulas. In fact,
92% of treated fistulas, which had been present for almost 160 days, showed uncomplicated
postoperative healing. One out of thirteen described cases failed to heal despite autologous
fat, probably due to an incorrect indication on a severely arteriopathic diabetic foot [27]. The
herein presented results are in line with previous studies showing successful treatment of
enteric fistulas originating from Crohn’s disease with local application of autologous fat [26].
Of interest, autologous fat grafting bears the major advantage of not only promoting fistula
healing but also improving soft tissue quality or the final aesthetic outcome, as experienced
in four patients [27,33].

To further optimize the healing potential of locally applied autologous fat, the fistulous
tracts were prepared or treated using curettage in 55% of the included cases before the
procedure. Moreover, in 92% of the treated cases, the harvested fat was infiltrated not
only into the fistulous wound but also the adjacent, relatively healthy tissues in order to
stimulate tissue regeneration in a three-dimensional way. Since these fistulas represent a
rather chronic and resistant condition offering a hostile environment, we believe that the
use of preconditioned and/or mechanically processed adipose tissue can further improve
the biological properties of the graft and eventually the treatment outcomes [10,38]. Finally,
in 69% of the analyzed cases, the fistulous orifice was closed using sutures to better retain
the adipose tissue graft within the lesion.

Despite the interesting findings of this study, several limitations must be mentioned.
Firstly, this systematic review of the literature is limited to a single database and mainly
summarizes case reports and case series that may have a low Level of Evidence (LoE).
Furthermore, the small number of included studies, and thus patients, affects the gen-
eralizability of the findings described. Additional multicenter clinical trials should be
conducted to further confirm the results. Moreover, there was variability in baseline pa-
tient characteristics, fistula etiology, and treatment protocols across the different studies,
including fat processing techniques, preparation of the fistulous tract before fat grafting
and post-infiltration management of the orifice of the fistula. Notably, most studies did
not report treatment approaches prior to fat grafting. Only one study explicitly described
multiple previous unsuccessful surgical interventions [31]. This represents a potential bias
as the effectiveness of fat grafting in treating non-healing cutaneous fistulas cannot be fully
interpreted independently of the surgical procedure. Finally, the absence of long-term
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follow-up data necessitates caution, and future research should extend follow-up periods
to validate the durability of outcomes.

In conclusion, autologous fat grafting may represent a promising therapeutic approach
for the treatment of non-enteric cutaneous fistulas by promoting tissue regeneration and
eventually healing. However, further research with a larger sample size, higher LoE,
and standardization is needed to confirm its efficacy. Moreover, to optimize treatment
effectiveness, considerations such as preoperative fat preconditioning, fat harvesting and
processing, fistula tract preparation, fat infiltration, as well as management of the fistula’s
orifice should further be evaluated to define clear treatment protocols.
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